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Abstract: Shift registers are essential element in the 

digital circuits they are designed by using master 

slave flipflops. In this paper shift registers 

implemented by using flip flops and different types 

of pulsed latches, among those the conventional 

static differential sense amplifier shared pulsed latch 

(SSASPL) having better performance in both area 

and power. But the power leakage dissipation has

become a foremost problem due to the scaling in 

CMOS technology. The leakage power in pulsed 

latches are minimized by applying leakage power 

minimization approaches like stack, sleepy, sleepy 

stack and sleepy keeper approaches. Through 

experimental investigation of these existing leakages 

power minimization techniques the technique which 

reduces the total power utilization of the shift 

registers. The proposed model saves the power 

associated to the base model of shift register. A 32

bit shift register using static differential sense 

amplifier shared pulsed latches is designed using 180 

nm CMOS technology at VDD=1.5V. The power 

consumption is determined with a clock frequency of 

100 MHz and simulation results are performed using 

Mentor Graphics tanner tool. 

Keywords: Leakage power, Pulsed latch, Flip flop, 

Shift register, SSASPL, TGPL. 

1. Introduction 

Shift registers are the important building 

elements in the VLSI circuits to perform 

mathematical computations, storing of data and other 

data shifting operations. Shift register is a chain of N 

data flip flops which share the similar clock pulse, 

the output from each flip flop is given as a data input 

of the next flip flop forming a chain, the circuit 

formed by process will shift the data by one bit at the 

transition of the clock pulse. Shift registers finds its 

applications in the digital signal processing such as 

digital filters to filter the speech signals, image 

processing and communication receivers [2]. The 

digital system operations like multiplication and 
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Shift registers are essential element in the 

digital circuits they are designed by using master 

slave flipflops. In this paper shift registers are 

implemented by using flip flops and different types 

of pulsed latches, among those the conventional 

static differential sense amplifier shared pulsed latch 

(SSASPL) having better performance in both area 

and power. But the power leakage dissipation has 

become a foremost problem due to the scaling in 

CMOS technology. The leakage power in pulsed 

latches are minimized by applying leakage power 
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reduces the total power utilization of the shift 

registers. The proposed model saves the power 
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Leakage power, Pulsed latch, Flip flop, 

Shift registers are the important building 

elements in the VLSI circuits to perform 

mathematical computations, storing of data and other 

Shift register is a chain of N 

data flip flops which share the similar clock pulse, 

the output from each flip flop is given as a data input 

of the next flip flop forming a chain, the circuit 

formed by process will shift the data by one bit at the 

n of the clock pulse. Shift registers finds its 

applications in the digital signal processing such as 

digital filters to filter the speech signals, image 

processing and communication receivers [2]. The 

digital system operations like multiplication and 

division require shift registers. Shift registers are 

also used to introduce time delays in digital circuits.

Figure.1 (a) Master Slave Flip Flop and (b) Pulsed 

Latch 

    The construction of shift register is very modest 

it consists of a series of N cascaded flipflops and 

here the speed constraint of the flip flop is given 

least position than the area and power dissipation. 

A smaller flipflops are preferable in the shift 

register in order to diminish the area occupied on 

chip and power consumption of the register. The 

master slave flip flop used to design shift register is 

shown in the Figure 1. And it operates in this 

manner, during the high clock the data input is 

stored in the first latch and the 

remains unchanged and when the clock changes to 

low the output from the first latch is stored in the 

second latch, the state of first latch remains 

unchanged. Recently the flip flops are being 

replaced by the pulsed latches shown in F

Because the pulsed latches are smaller than those of 

flip flops. So, by using these latches area occupied 

by the circuit and power consumption can be 

reduced. But the pulsed latches have timing 

problem which makes it inefficient for being used 

in the shift registers [1,4]. The timing errors which 

effects the output in the pulsed latches can be 

solved by the use of a delayed pulsed clock 

generator which produce multiple time delayed 

pulses instead of a normal single clock pulse signal. 

The shift register is formed by grouping the latches 

into a 4-bit sub shift register with a passing latch at 

the end of each stage. 

2. Existing models
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The shift registers can be designed by various 

flip flops like PPCFF, SAFF, DMFF and various 

pulsed latches like TGPL, CP3L and SSASPL. In 

the following sections, briefly discuss about the 

PPCFF, TGPL and SSASPL. 

2.1 PPCFF 

The PPCFF (Power PC Style Flip Flop) is 

considered as master slave flipflop with the 

minimum number of transistors and it is the 

smallest flip flop among the above stated flip flops. 

It contains a total 16 transistors out of which eight 

transistors are triggered by the clock signal. The 

below Figure 2 describes the schematic of PPCFF 

circuit.  

Figure.2 Schematic of PPCFF circuit

The eight transistors triggered by the clock 

signal are responsible for the data updation in the 

flip flop based on the given input [2]. A 32

register is designed using PPCFF circuit and 

simulated in 180 nm CMOS technology at 

VDD=1.5V. The size (W/L) of NMOS transistor 

considered as 1µm/0.18µm. And the average power 

consumption is determined for a fair comparison 

with the below mentioned circuits. 

2.2 TGPL 

The transmission gates represents the different 

class of the logic circuits, where the transmission 

gates are the basic building units. Basically, a 

transmission gate is made up of two filed effect 

transistors. The drain and source terminals of the 

two transistors are connected in parallel. The TGPL 

(Transmission gate pulsed latch) is build with such 

transmission gates. It consists of a total of 10 

transistors out of which four transistors are driven 

by the clock pulse to update the data stored in the 

latch based on the input D. the Figure represents the 

basic TGPL latch [11]. A shift register is designed 

with 4-bit shift register grouped at each stage to 

form 32-bit register using TGPL in 180nm CMOS 

technology at VDD=1.5V. The size (W/L) of 

NMOS transistor considered as 1µm/0.18

average power consumption is determined which in 

terms better than the shift register designed by 

using PPCFF. 

The shift registers can be designed by various 

flip flops like PPCFF, SAFF, DMFF and various 

P3L and SSASPL. In 

the following sections, briefly discuss about the 
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Schematic of PPCFF circuit 
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Figure.3 Schematic of TGPL

 

2.3 SSASPL

After seeing both flip flop based register and 

transmission gated pulsed latch register 

performances another technique is originated is 

called Static differential sense amplifier shared 

pulsed latch (SSASPL) consumes less power 

because of the reduced trans

SSASPL is more preferable to design low power 

efficient shift registers. The SSASPL consists of 9 

transistors. Here it is modified to 7 transistors by 

removing the additional transistors which are used 

to produce complemented data (DB) c

NMOS transistor from the input (D). The 

differential data input (DB) will come from the data 

output (QB) from the preceding latch those two 

transistors used to invert the data are excluded. 

Since it has smallest number of transistors it will 

consume less power and occupy less area on the 

chip. And also, it chomps 

because only one transistor is triggered by the clock 

pulse signals. 

Figure.4 Schematic of SSASPL

In SSASPL the data is updated by the three 

NMOS transistors described as 

And it considers the data in the two inverters shown 

in Figure 4. The two data inputs are used to update 

the logic that is stored in the inverters which are 

cross coupled and the pulsed clock input is used to 

trigger the latch [12], [7]. During the High state of 

the pulsed clock the data is updated based on the 

differential data inputs. 
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Figure 5. Schematic of shift register

In this paper the SSASPL is implemented and 

simulated   with 180 nm CMOS technology at 

VDD = 1.5V. The   sizes(W/L) of the three NMOS 

transistors M1, M2 and M3 are 1µm/0.18µ

two inverters, shown in Figure 4. the sizes of

NMOS and PMOS are 0.5µm/0.18µm. 

Figure 6. Delayed pulsed clock generator

3. Proposed model 

Due to the scale down in the technology the 

transistor sizes have been shrinking. Thus, the 

threshold voltage and supply voltages vary 

according to scaling down of technology. 

Subthreshold leakage became a major constraint in 

power dissipation due to the reduction in threshold 

voltage of transistor. So, it is significant

the leakage power for that there are several VLSI 

Circuit approaches which are cast-off in reducing 

the leakage power they are basically sleepy, stack 

approaches [5]. But with the recombination of these

two there will be another sleepy stack and sleepy 

keeper approaches also well used in different 

applications. These approaches are practical to the 

latch to minimize the sub threshold leakage power.

3.1 Sleep approach 

This is the basic approach to minimiz

leakage power, in this approach two or more

transistors are existed to control the flow of current 

from VDD to GND in the designed circuit. A 

PMOS and NMOS Sleepy transistors are inserted 

among VDD and pull-up region, GND and pull

down region shown in Figure 7. These sleep 

transistors are obsessed by the inputs S and S’ for 

PMOS and NMOS respectively. 

 

Figure 7. Sleep approach circuit

During the sleep mode, i.e. S=1, the sleepy 

transistors separate the circuit from the VDD and 

Schematic of shift register 
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according to scaling down of technology. 
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flow of current 

in the designed circuit. A 

s are inserted 

up region, GND and pull-

. These sleep 

transistors are obsessed by the inputs S and S’ for 

Sleep approach circuit 

During the sleep mode, i.e. S=1, the sleepy 

transistors separate the circuit from the VDD and 

ground. Thus, by restricting the power flow in the 

circuit the leakage power can be reduced 

efficiently. But it has its own drawback, even 

though reducing the leakage power through a 

greater extent it cannot maintain the correct output 

in the sleep state. Thus, this techni

preferable if the circuit has to maintain exact logic 

during the sleepy mode. 

3.2 Stack approach

    In the stack based approach the existing 

transistors in the base circuit are break down into 

two half size transistors. As we all know that 

leakage power at subthreshold 

decrease in threshold voltage 

body effect [5]. Therefore, it is evident from these 

facts that subthreshold leakage can be minimized 

by stacking the transistors serially. In SSASPL the 

three NMOS transistors sizes(W/L) are 

1µm/0.18µm. These are divided into two half 

transistors with sizes(W/L) as 0.5

stacking of transistors is shown in the below Figure 

8. 

Figure 8. Stacking of transistors

Figure 9. Schematic of shift register

Due to the increased transistors, the delay will 

be increased significantly. The stacking of the 

transistors will not effect the W/L ratio of the 

circuit. However, in the stack approach the 

performance of the circuit is degraded.
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as well as stack approaches. It is s

model the existing transistors in the circuit are 

stacked into two half size transistors. 

transistor in every set of stacked transistors to 
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In the stack based approach the existing 
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two half size transistors. As we all know that 

subthreshold level is due to 

threshold voltage which is related to 

[5]. Therefore, it is evident from these 

facts that subthreshold leakage can be minimized 

by stacking the transistors serially. In SSASPL the 

NMOS transistors sizes(W/L) are 

hese are divided into two half 

transistors with sizes(W/L) as 0.5µm/0.18µm. The 

stacking of transistors is shown in the below Figure 
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Schematic of shift register 

Due to the increased transistors, the delay will 

be increased significantly. The stacking of the 

transistors will not effect the W/L ratio of the 

circuit. However, in the stack approach the 

performance of the circuit is degraded. 

3.3 Sleepy stack approach 

collaboration of both sleepy 

It is same as the stack 

nsistors in the circuit are 

stacked into two half size transistors. To one 

every set of stacked transistors to 

the current flow a sleepy transistor is placed 
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in parallel to that transistor. The transistors which 

are added in parallel will act exactly as the sleepy 

transistors in the sleepy model. 

The leakage power in the sleepy stack model is 

supressed into two categories. Firstly, the 

transistors which are stacked, turned off will impel 

the stack effect which minimizes the leakage 

currents. Secondly, by means of 

transistors at VDD which were connected to sleep 

transistors [5]. Hence by these two facts 

maintains the maximum leakage power dissipation. 

It can retain exact logic even if the circuit is in 

sleep mode. But however due to the increased 

transistors the area will be increased. 

Figure 10. Schematic of sleepy stack SSASPL cell

 

3.4 Sleepy keeper approach

    In this model, an extra NMOS as well as one 

PMOS transistors are coupled in parallel to the 

sleep transistors in sleepy approach. The additional 

NMOS is coupled to sleep transistor at pull

system. And the added PMOS transistor is 

to the sleep transistor at pull-down network.

 
Figure 11. Schematic of sleepy keeper approach

We all know that PMOS transistors are effective at 

transient logic ‘0’. Whereas NMOS transistors are 

effective at passing logic ‘1’. Therefor to maintain 

logic ‘1’ an NMOS transistor is coupled with pull

up sleepy transistor at VDD. And to maintain logic 

‘0’ PMOS transistor is coupled to pull-

transistor at GND. Hence sleepy keeper can 

the extra logic even in the sleep state.

shown below show the sleepy keeper approach to 

the entire register. It will restrict the VDD flow 

through the register in sleep mode and can maintain 

the same output during the sleep mode efficiently. 

But it comes at a cost of increased area than the 

base model circuit. 
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4. Experimental results

The circuits are simulated using the Mentor 

graphics tanner tools. The Table 1 shows the 

comparison of the quantity of transistors used in the 

circuit and the average power feasting between the 

PPCFF, TGPL and SSASPL. The circuits are 

simulated for a time period of 0 to 1

power is determined and tabulated in Table 1. And 

it is evident from the table that SSASPL is quite 

efficient than TGPL and PPCFF in relations of area 

and average power utilization. Hence, we prefer 

SSASPL latch to design the shift register. We more 

decrease the power utilization of the shift register 

using leakage power minimization techniques.

Table 1. Comparative analysi

latches 

S 

no 

180 nm technology with VDD=1.5V and 

fclk=100 MHz

Circuit Model 

Number 

of 

transisto

rs 

1. PPCFF 16 

2. TGPL 10 

3. SSASPL 7 

 

The leakage power minimization 

like sleepy, stack, sleepy stack and sleepy keeper 

are applied for the designed 32

SSASPL. These four approaches are limited with 

some drawbacks. The output is fluctuating in sleepy 

approach and it is not steady during the sle

The performance of the register is degraded due to 

the stacked transistors in stack approach. Another 

approach sleepy stack maintains the same output 

even in the sleep mode but the performance is 

degraded due to the stacked transistors. The sleepy

keeper can maintain the exact output in the sleep 

mode but in terms of area it is more than the basic 

SSASPL circuit due to the sleep transistors and 

additional PMOS and NMOS transistors. However, 

if the devices are maintained in sleep mode for long 

duration the sleepy keeper approach is best suitable 

approach. The comparative analysis of power 

consumed by different approach is tabulated in the 

table 2. The average power consumed is determined 

for a time period of 0 to 1 µ

register is designed in the S

simulations are performed. The Figures 11 and 12 

Experimental results 

The circuits are simulated using the Mentor 

graphics tanner tools. The Table 1 shows the 

comparison of the quantity of transistors used in the 

it and the average power feasting between the 

PPCFF, TGPL and SSASPL. The circuits are 

simulated for a time period of 0 to 1µs, average 

power is determined and tabulated in Table 1. And 

it is evident from the table that SSASPL is quite 

and PPCFF in relations of area 

and average power utilization. Hence, we prefer 

SSASPL latch to design the shift register. We more 

decrease the power utilization of the shift register 

using leakage power minimization techniques. 

Comparative analysis of flip flop and 

180 nm technology with VDD=1.5V and 

fclk=100 MHz 

Number 

transisto

 

Average 

power 

consumed 

 1.694012 µW 

 1.31273 µW 

 1.123287 µW 

The leakage power minimization approaches 

like sleepy, stack, sleepy stack and sleepy keeper 

are applied for the designed 32-bit register using 

SSASPL. These four approaches are limited with 

some drawbacks. The output is fluctuating in sleepy 

approach and it is not steady during the sleep mode. 

The performance of the register is degraded due to 

the stacked transistors in stack approach. Another 

approach sleepy stack maintains the same output 

even in the sleep mode but the performance is 

degraded due to the stacked transistors. The sleepy 

keeper can maintain the exact output in the sleep 

mode but in terms of area it is more than the basic 

SSASPL circuit due to the sleep transistors and 

additional PMOS and NMOS transistors. However, 

if the devices are maintained in sleep mode for long 

ion the sleepy keeper approach is best suitable 

approach. The comparative analysis of power 

consumed by different approach is tabulated in the 

table 2. The average power consumed is determined 

for a time period of 0 to 1 µs. The 32-bit shift 

signed in the S-edit and the 

simulations are performed. The Figures 11 and 12 
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represent the designed 32-bit shift register and 

waveforms of data shifting respectively.

Table 2. Comparision of leakage power reduction 

approaches 

 

S no 

180 nm technology with VDD=1.5V 

and fclk=100MHz 

Circiut Approach 
Average power 

Consumed

1. SSASPL
 

227.0445 

2. Sleep Approach 216.5863 

3. Stack Approach 204.0975 

4. 
Sleepy Stack 

Approach 
185.2597 

5. 
Sleepy Keeper 

Approach 
210.2490 

Figure 12. Designed shift register

Figure 13. Schematic of shift register

5. Conclusion 

This work gives a low power SSASPL based 

shift registers by using leakage power reduction 

techniques. The leakage power is reduced by sleep 

approach, sleepy stack approach, stack approach 

and sleepy keeper approach. By sleep approach 

power can be reduced but the output will be 

fluctuating during the sleepy mode hence it is not 

preferable in shift registers. Stack and sleepy stack 

approach has a degraded performance. The sleepy 

keeper is best approach it minimized the total 

power utilization but it come at a rate of improved 

area. However, if the circuits are maintained in 

sleep mode for longer duration sleepy keeper 

approach is best as it can maintain output in sleep 

mode without floating. The circuit is designed with 

180 nm CMOS technology with a VDD=1.5V a

clock frequency is 100MHz. the proposed models 

minimize the total power consumption as 

associated to the conventional shift register 

designed using normal pulsed latch. 

bit shift register and 

waveforms of data shifting respectively. 

Comparision of leakage power reduction 
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rate of improved 

area. However, if the circuits are maintained in 

sleep mode for longer duration sleepy keeper 

approach is best as it can maintain output in sleep 

mode without floating. The circuit is designed with 

180 nm CMOS technology with a VDD=1.5V and 

clock frequency is 100MHz. the proposed models 

minimize the total power consumption as 

associated to the conventional shift register 
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